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"TRobucTION

(TEhSe Primary objective of electrical stimulation

) of animal carcasses is to prevent cold
:rte”ing and consequent toughening in the
qu;_t- It is widely accepted for improving eating
With”y of beef and lamb, but has been less used
Mory Pig carcasses where the rate of post
@arnem muscle glycolysis is faster. Despite the
St onset of rigor, cold toughening has been
8 Sved in pigmeat by several workers (Marsh
Jan?'-y 1972; Fisher et al., 1980; Gigiel and
BHQS. 1984; Dransfield and Lockyer, 1985;
19g Sf and Vestergaard, 1987; Barton et al.,
StUdi)' Consequently, over the last eight years,
0 ©S have been carried out on the effect of ES
% Quality characteristics of pig meat, in
Chi; Ination with accelerated or conventional

9 procedures.
|
Qeg:]any cases, the results of these studies have
a ,. conflicting. Smith et al. (1980), Johnson et
ot (1982) swasdee et al. (1983), Crenweldge
conzl'- (1984 a, b) and Neel et al. (1987)
qua““ded that ES had no general effect on
Wie Y characteristics. On the other hand,
ca,c;' (1986) found that loin chops from ES
fror. 598 Were less tender and juicy than those
thy "On-stimulated (NES) controls, and that
3N SUmulative weight losses were higher after
Cargy ®agan et al (1984, 1985) reported that ES
Yavg SSes which were chilled slowly at 7°C
g 1Ore drip loss than NES controls. Gigiel
logg "2Mes (1984) reported no difference in drip
ch]”eln retail packs between rapidly and slowly
dy Pig sides, but ES significantly increased
fi\,efo"Urfold in rapidly chilled, and more than
llg, 0 in conventionally chilled sides. They
'°ss "®ported no significant difference in drip

it dif;om muscle core samples from pigs chilled

Verg Srent rates, but again ES increased the
98 drip loss from 1.6% to 4.6%.

Th

OnQ Present study investigates the effect of ES
org,; fall, drip loss and tenderness in the M. .
Dig & D) and M. semimembranosus (SM) from
g, drcasses of different weights, chilled
Or conventionally.
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MATERIAL AND METHODS.

Material

A total of 80 Large White pigs, ranging in
weight frem 38 kg to 82 kg were used in five
groups of 16 according to the experimental plan
shown in Table 1. All pigs were eiectrically
stunned (400v for 4 sec ) and slaughtered
within 5h of delivery at the Institute abattoir.

Table 1 Schedule of chilling treatments for 5
experimental groups of pigs with electrical
stimulation (ES) and without (NES). Comparisons
are made between sides of each pig.

Wi. range Mean Wt. Comparison
Kg Kg

1 38-57 46
2 39-58 47 ES v NES, rapid
3 64-71 67 chill
4 64-80 71 ES rapid v NES
5 62-82 75 conventional chill
PROCEDURES
Electrical stimulation

Preliminary trials with 60 pigs using low
voltage ES immediately after slaughter and high
voltage (12.5Hz and 25Hz) at 20 min. post-
slaughter, showed that the greatest and most
consistent pH fall was produced by 700v peak at
12.5Hz, applied for 90 sec. at 20 min post-
slaughter. These parameters were used in this
study, and ES was applied to half-carcasses via
stainless steel hook electrodes inserted above
the Achilles tendon and in the severed neck
muscles.

Chilling

All pig sides, ES and NES, were placed in
chillers at 40 min post-slaughter. For rapid
chilling, sides were held in a room with air at
-9° + 3°C and 1.2 + 0.5 m/sec velocity, until
temperature in the deep loin reached 7° - 10°C.
This took between 1.6h and 2.0h depending on
carcass weight, and sides were then
transferred to a conventional chiller with air at
2°C and 0.5 m/sec velocity. Conventionally
chilled sides were held in the aforementioned
chiller for the whole duration of cooling. During
chilling, temperatures were recorded in the
deep and surface musculature of the loins and
legs. All pig sides were butchered at 48h post-
slaughter to provide muscle samples for
assessment.




Table 2. Mean pH values at different times post slaughter for LD and SM for stimulated (ES) and I
non-stimulated (NES) pig sides. Eacn value is the mean for 16 sides. rA
(a) LD
20 min* 40 min 3h 24h
NES ES NES ES NES ES NES BES

1 6.32 6.34 6EI8N6. 13 5.97 5.83 5.50 5.48

2 6.49 6.50 6.36  6.17 6.10 5.81 D580 555

3 659 655 6.53 6.44 6.24 5.94 5.60 5.50

4 6.31 6.24 6.15% 6.02 5.79 5.69 5.47 5.42

5 6.43 6.46 6.28 6.10 6.00 5.82 561 5.61 :r

overall mean 6.44 6.42 6.29 6.17 6.02 . 5,82 Dza5 . 5.5 n~
t

(b) SM !
§

1 6.60 6.62 6.46 6.29 6225 W1 5.88 5.5 5.55 ¢

2 6.64 6.64 6.58° ©6.14 6.36 5.95 5.66 9. 9D L

3 675 6,67 6.72 6.47 6.47 6.10 5.59 5.62 v

4 6.64 6.49 6.47 6.15 6.22 5.84 5.57  5.47 g

O 6.65 6.66 6:50 6.18 6.30 5.83 5.67 S5.65

overall mean 6.66 6.62 6.54 6.24 b.325. 5.92 5.60 5.68

* Before stimulation V

Table 3. Mean values of drip loss (48H), shear value and FOP on LD and SM muscles.
Each value is the mean for 16 sides

Drip loss (% by wt) Shear value (Kg) FOP
LD SM LD SM
NES ES NES ES NES ES NES ES NEs B
1 3.06 1.98 1.93 2.01 8.25 7.46 717 6.04 23 28
2 284 .3 - .14 . 1.30 9.01 6.22 7.17 6.29 18 15
3 2.37 1.99 1.49 1.90 595 5.17 575 5.61 o 23 b
4 325 228 1.91 1.95 6.37 5.60 566 5.65 32 37
5 220 1.35 1.20 1.50 7.74 6.38 550 5.58 29 2° y
overall mean 2.64 1.78 w53 1.73 146G 17 6.25 5.83 25 25 | 2;
i re
V;
hy
D
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Ia::e 6. Relationship between drip loss and

P 40 of LD. Drip losses(%) are grouped in 3
anges.

Drip n Aph4o SD
% (mean)
0.60-1.2 26 0.18 0.11
1.21.2.2 29 018 018
2.21.5.5 23 0.08 0.10
|
" Table 7, samples are grouped together into 4

! :
Nges according to shear values. The ranges

.t::]y be considered as 'very tender' (2.2 - 4.5),

'Verder' (4.51 - 6.3), 'tough' (6.31 - 8.2) and

kg’ lough' (8.21 - 16.0). The distribution of
and NES samples among the ranges

Smo_nStrates the general improvement

variult'ng from ES, although individual samples

3 &d widely. Again, the lower drip loss from
Samples is clearly shown.

g

p:!ble 7. Relationship between shear value,

Va|40 and drip (48h) of LD muscles. Shear
Uss are grouped in ranges regardless of ES.

rShear n pH4o % drip
ange(Kg) (mean) (mean)
22045 NS 6 6.60 1.76
A BS 20 6.21 1.43
-51.6.3 NES 11 6.41 2.41
A ES 30 6.21 1.61
-31.8.2 NES 35 6.30 . -2.73
; BS 15 6.08 2.15
21-16.0 NES 25 6.24 2.71
BS 15 6.12 2.14
0|
SCussion
Mo

q“:ltit Previous studies on the effect of ES on
thuey Characteristics of rapidly and slowly
rQSUhS Pig carcasses have produced conflicting
Variat'. In some cases this may be because of
haye °N between animals, but it could also
Par, 'oSulted from the different ES and chilling
trgtmetefs employed. This study, in which
sammem Were compared between sides of the

Uitg., 2NiMal and used a total of 80 pigs,

%, Y contradicts some of the main
Usions of previous workers.

Th

N
Sffect of ES on pH at 40 min post-slaughter
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varied widely between animals. Table 4 shows
that, for about 27% of the pigs, ES produced
little or no pH drop; for another 27% the drop
was slight, and in fact only about 12% of the
pigs gave drops >0.25 pH units. the effect of
high voltage ES on pH was therefore less than
that found by Gigiel and James (1984) where
the mean pH of stimulated LD at 40 min post-
slaughter was less than 5.60. In their study,
however, high voltage (700v peak) was applied
at 5 min post-slaughter and this early
stimulation may have contributed to the greater
pH fall compared to our study where ES was
applied 20 min after slaughter.

The most interesting result and possibly the
most contradictory, was the effect which ES
had on drip loss. Most workers have reported
increased drip loss from ES meat, but in our
experiments, drip was consistently and
significantly lower from ES LD samples. Over
all pigs, drip loss from the LD of NES sides
ranged from 2.2 to 3.3% compared with 1.3 to
2.3% from their ES counterparts. Table 4
shows quite clearly that, even where ES had
little apparent effect on pH, drip was
consistently lower from sides which had been
stimulated. Where pH4p values for ES and NES
sides were the same, the amount of drip was
still significantly less after ES. This effect was
not observed with SM samples, where ES
induced a greater pH fall than in the LD, and led
to a slight increase in drip loss.

Examination of Table 6 shows that although
approximately 70% of samples had similar
ApH4q values, drip ranged from 0.6 to 2.2%.
For the remaining 30%, minimum ApHgq was
accompanied by maximum drip loss. Gigiel and
James (1984) reported a fourfold increase in
drip from ES LD compared with NES controls,
although their drip measurement was over 24h
instead of 48h period of this study. As stated
earlier, the pH drop observed in their
experiments was also decicedly greater.

It is quite clear that ES improved tenderness in
the LD, and to a lesser extent in the SM.
Although the variation between pigs was
considerable, the effect of ES on the LD was
particualrly consistent across all 5 groups of
pigs. The mean overall improvement in
tenderness of the LD was 17%, which could be
commercially important for high value loin cuts.
For the SM, the improvement was only 6%. The
greatest improvement observed (30%) was in
the 5th group of pigs where ES, rapidly chilled
sides were compared with NES, conventionally




pH

pH was measured in 1g samples of LD and SM
removed from the carcasses at 20 min, 40 min,
3h and 24h, and homogenised with 10ml
iodoacetate solution.

Fibre optic probe
The light scattering proportions of LD samples
from all carcasses were measured at 24h post-
slaughter using a fibre optic probe (FOP)
(MacDougall, 1984).

Drip

Sections of LD (2.5 x 5 x 5cm) and SM were
assessed for drip loss at 48h post-slaughter by
suspending them in plastic mesh inside polythene
bags held at 1°C. The weight loss from the
muscle samples was recorded over a further
48h period.

Tenderness

At 3 days post-slaughter, blocks of LD and SM
measuring (5 x 5 x 5cm) were vacuum packed,
cooked in a water bath at 80°C to a centre
temperature of 72°C, and cooled overnight in
cold running water. From each cooked muscle, 6
blocks (2 x 1 x 1cm) were cut longitudinally in
fibre direction and sheared by Volodkevitch
jaws on a Stevens Compression Tester. Peak
shear force was recorded to indicate relative
toughness.

RESULTS

Rapid chilling reduced temperature in the deep
leg to 10°C within 5.8h to 10.8h post-
slaughter, and in the deep loin to 10°C within
2.1 to 3.0h, depending on carcass size.
Conventional chilling cooled the deep leg to 10°C
in 11h and the deep loin in under 5h. Table 2
shows the changes in pH in the LD and SM during
cooling for each of the 5 experimental groups.
The values at 20 min, measured before
stimulation, show the general low level of pH in
the pigs at this stage. The comparatively slight
effect of ES can be seen in the mean pH values
6.17 (ES) and 6.29 (NES) at 40 min with SD
ranging from 0.12 to 0.30 and 3h for the LD.
The effect was slightly greater in the SM with
6.24 (ES) and 6.54 (NES) with SD ranging from
0.14 to 0.29). Overall, the ES-induced pH
changes for the LD at 40 min and 3h were 0.12
and 0.30 respectively, and for the SM were
0.20 and 0.40 respectively.

Table 3 lists mean data for drip loss within the
5 experimental groups and shows that, for the
LD, the ES sides consistently had less drip than
NES sides. The SM comparison shows a slight

increase in

drip with ES.

The

relative

tenderness of LD and SM samples are also lis®
in Table 3, and it can be seen that, in €&

group, the ES LD had lower shear values thd"
NES. The corresponding
tenderness was only slight in the SM samplé®
The FOP values were typical of normal

improvement

muscle, with no indication of either PSE or

conditions.

Table 4. Influence of ApH4g (NES-ES) on ADIP
(NES-ES) of LD muscle. Samples
according to pH40 values.

ApH4o0

The influence of the induced pH change at
post-slaughter (ApHg4g) on the difference

n

22
23
23
10

ADrip
(mean)

D299
1.04
0.77
0.88

in

po!
DFD

gr0UPe

sD

0.77
0.91
0.70
0.74

40 "
in dP

from ES and NES muscles (ADrip) from piQ-C’J$

each ES/chilling treatment is seen in Tabl®
For about 27% of the pigs there was little of nof
difference in pH with ES; only for about 12%
pigs was ApH4p more than 0.25 units.

table shows clearly that drip from ES sides

treatments, the mean drip loss from the L :
ES sides was 1.78% compared with 2.64% fr b

NES sides. For the SM, the corresponding valV

were 1.73% and 1.53%.

Table 5. Influence of ph40 on the amou™

drip (48h) from LD muscle from NES and

pigs.
pH40
5.50-6.10
6.11-6.30

6.31-6.86

NES
BES
NES
ES
NES
ES

n

18
25l
13
33
46
19

Drip
(mean)
3.10
2.02
3.05
1.55
2.31
1.76

sD

1.18
1.05
1.00
0.84
0.88
0.67

e

wa
i
significantly less than from NES sides. Ovel |

of

g5

0
In Table 5 the mean drip values are Qrouspof
according to 3 ranges of pHgp, regarde® %

ES. It can be seen that, where NES af
samples are within same pHggq range, the

consistently lower from the ES samples.
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chi .

ag'”ed sides. This demonstrates the potential
Vantage of an ES, rapid chill treatment over
®nventional chilling.

The improvement in tenderness contradicts the
63S‘U“S of Wiley (1986) who found less tender

X chops after ES and the workers who found
0 effect from ES. Our results do, however,
“ree in this respect with those of Gigiel and
e;mes (1984) who attributed the tenderising
hGCt to possible avoidance of a degree of cold
Ortening from rapid chilling.

$°Uplng samples into shear value ranges (Table

Shows that the two "tender” ranges contain
he ES samples and only 17 NES. By contrast,
g two "tough" ranges contain 30 ES samples
in L50 NES. There was no significant difference
ChmD shear values between conventionally

®d sides and rapidly chilled sides, even
te°Ugh the rapid chilling reduced the LD to a

MPerature where cold- -shortening was a
S'Slblhty

Ehls Study has demonstrated that high voltage

i 2PpPlied 20 min after slaughter, improved
€rness of the LD and, to a lesser extent, the
of rapidly chilled pig carcasses. This
ar1'(élge was obtained without evidence of PSE

CrraClenstlcs in the form of pale muscle or
Sased drip loss. In fact, in this study, ES

' 3 the added advantage of consistently
Ucing drip loss in the loin muscle.
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ﬂE EFFECT OF HOT VS COLD BONING ON

FRS QUALITY OF RETAIL CUTS PREPARED
&SM PRIMALS FROM SKINNED PIG CARCAS-

giTTE L.J.M. VAN LAACK and

NS J.M. SMULDERS

)
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%dma1 Origin, Faculty of Veterinary
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N&-‘Box 80175, 3508 TD Utrecht, The
her]ands

ARy

%Eb?ffects of hot boning on the mi-
gk.101ogica1 and sensory quality of
Hmﬁ”Ed pork primals were evaluated.
¢, Poned primals, chilled for one
iy > and cold boned primals were cut
Qnto retail cuts which were vacuum
aged and stored at 2+2°C.

oning resulted in markedly less
Mot Carcass weight loss, 0.9% higher
li+, Y1elds and a similar sensory qua-
%n. as compared with cold boning. Hot
o0 ‘N9 primals had significantly high-
nOtC010ny counts. However, this did
of 3ffect the bacteriological quality
byt "Stail cuts. It is concluded that
fop "ONing might be a good alternative
Stps Cold boning provided that, by
ing Et]y adhering to Good Manufactur-
Mcy. ractices, one achieves levels of
Wy °Pial decontamination that are
Side below the Tevels generally con-

red to be safe.

l
IQIRODUCTION
byg, “ONing of pork has traditionally
thy Practiced in (Eastern) Europe in
tenProcessing of meat products. How-
i)’ hot boning may also be benefi-
(Req for the production of fresh pork
lgga¥3n, 1983; Smulders & Van Laack,
Sﬁe%°.Major advantages claimed by the
| Wrgps v1fic Titerature are less refrig-
| bep 0N costs (Henrickson, 1982; Cut-
‘ chgon, 1980), higher turnover (Hen-
‘ NSU?OU, 1982), better water-binding
“hnit]"g in lesser drip formation
| hbe ke1'g Reagan, 1987; Woltersdorf &
%ther, 1987). Amongst others, ef-
e > OF hot boning on meat quality

Mte Stributed to a faster chilling

M3
Hox
tot

Wih N hot boned primals as compared
C“ig]he meat on the carcass (Daudin &
Ng 1, 1987; James, 1987). Modern

Slaughter technology relies on the
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scalding and singeing of the animal.
The thermal stress, that results from
these dehairing procedures may have a
negative influence on meat quality
(Takats & Biro, 1988). Furthermore,
scalding water may increase the micro-
bial contamination of the carcass and
thus result in a shorter storage life
of the pig meat (Schaeffer-Seidler et
al., 1984; Jones et al., 1984).

It has been suggested (Takats & Biro,
1985; Troeger & Woltersdorf, 1987)
that skinning of pig carcasses might
contribute to the production of meat
with a very low bacterial load, Also,
Troeger and Woltersdorf (1987) report-
ed that meat from skinned pig carcas-
ses had a better sensory quality than
meat from carcasses that had been
scalded.

The purpose of this study was to eval-
uate if the meat quality of skinned
pig carcasses from the Dutch commer-
cial supply, might be further improved
by hot deboning. In addition, the bac-
teriological condition of the hot bon-
ed primal- and retail cuts was moni-
tored.

MATERIALS AND METHODS

In a pilot plant 8 Targe White/Dutch
Landrace cross-bred pigs were slaught-
ered and skinned with a vertical drum
skinner. A1l righthandside primals
were excised within 1 h post mortem.
Cold boning of the left handside prim-
als was conducted after overnight sto-
rage at 1x1°C. After every two carcass
sides cutting tables were cleaned,
disinfected and dried. Hot boned prim-
als were wrapped in a 0,-permeable film
for one day to avoid rapid desicca-
tion. Cold boned primals (immediately
after deboning) and hot boned primals
(after 1 day of chilling) were cut up
into retail cuts which were vacuum
packaged in a film with low O0,-per-
meability (<30 ml 02/m2/24 h at 1 atm
at 25°C). After 7 days of storage at
2+2°C the meat was unpacked and the
sensory quality traits assessed ac-
cording to the procedures described by
Smulders (1986).

The shoulder (M. triceps brachii) and
belly were sampled for purposes of
bacteriological monitoring, relying on
the method described by Van Laack and
Smulders (1988). At day 0 and 1 pri-




mals were sampled on the outer sur-
face. At day 7 retail cuts were sampl-
ed on the cut surface.

Unless indicated otherwise, compari-
sons between hot and cold boning were
made between muscles within a carcass.
Statistical significance of differen-
ces was tested by Student t-test
(p<0.05; pair-wise were appropiate).

RESULTS AND DISCUSSION

Table 1 Carcass yield of hot boned
righthandsides and cold boned left-
handsides of skinned pig carcasses as
assessed by weighing immediately be-
fore and after boning (expressed as %)

Hot boned Cold boned
Meat yield 63.5%°  62.3P
Fat yield 14.6 14.3
Bone yield 10.8 10.4
Total weight loss 0.252 1.81P

* means with different superscripts
differ significantly (p<0.05).

In Table 1 the yields of hot vs cold
boned carcass sides are presented. The
total weight loss after hot boning was
significantly lower than after cold
boning (p<0.05). We attribute this
difference mainly to the increased
meat yield which was 1.2% higher after
hot than after cold boning.

It was very difficult to prepare re-
tail cuts from hot boned primals when
these were still warm. The resulting
cut distortion was unacceptable.
Therefore the hot boned meat was
chilled for one additional day before
cutting was started. This extended
chilling period was expected to reduce
the economic benefits of hot boning
because of moisture loss through eva-
poration and drip. Yet, as can be seen
from Table 2, the maximal drip-loss
during the day storage was only 0.25%.
Hence, the total difference in meat
yield was 0.9% in favour of hot bon-
ing.

We anticipated that hot boning would
lead to faster chilling rates,and
therefore to minimal rates of protein
denaturation (Penny, 1977; Tarrant,
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Table 2 Drip losses of hot boned PIj;
mals during 1 day of storage at

141

(n=8 except where indicated) (%)

Ham 0.161+0.06
Shoulder 0.22+0.09 (n=7)
Loin 0.22+0.05
Tenderloin 0.25+0.13 (n=7)
Belly 0.1740.03

The
1977; Taylor et al., 1980-1981).

latter would lead to an increase
terholding capacity and thus to '’o
drip formation. However, in the wa
ent experiment the differences bet
hot and cold boning were very sma

Table 3

. 5
Drip losses of retail wm
from hot and cold boned primals va
packaged after 7 days of storage (

dw
1e8°

We
11

cu
%)

Ham
(M. semi-
membranosus)

Loin
(M. longissimus)

Shoulder
(M. triceps
brachii)

Belly

i
Hot boned Cold bor®

5.9 6.1
3.7 4.4
3.7° 26
2.2 1.7

* means with different superscripts
differ significantly (p<0.05).

and loins lost less weight than
boned counterparts;

cﬂ
L
cuts from Showd

ders and bellies on the other L
lost more weight after hot than 2.
cold boning. The absence of 519ﬁ of
cant differences is probably eXP]aC(ﬂd
by the excellent quality of theé "y
boned meat. At 80 min post mortemeﬁ'
Toin pH was 6.55 at a muscle tempwﬂ

ture of 30°C.

Thus the waterh "

potential of the cold boned med: pf

very high to start with so
boning could add 1ittle more. A'’
pH-fall was relatively slow, SKI
and hot boning did not
shortening. Sarcomere lengths 051
and cold boned loin samples weref ot
Shear forces ©

lar (Table 4).

that
A]thni
Kk no
fh

i’

gh
0%9
10

induce “pot




b?“gd loins were slightly, but insig-
Mficantly, lower than those of the
€01d boned ones (Table 4).

Table 4 Sarcomere length and shear
S9\”Ce of hot and cold boned Tongis-
u‘mus dorsi cuts after 7 days of vacu-
M storage at 1+1°C (n=8)

Hot boned Cold boned

Shear force 4.20 4.65

(kg cm2)
Sarcomere Tength
(kim)

175 1.74

EEON the point of view of yield and
Sk?SOPy meat quality, hot boning of

Inned pig carcasses seems to be
®asible. Before such novel slaughter
dy Processing techniques are intro-
esged widely, it 1is imperative to
9n332]15h if hygienic drawbacks might
ggb1es 5a and 5b include the results
th the bacteriological examination of
Dr? hot and cold boned meat. Hot boned
ny‘ma1s had significantly higher colo-
Thicounts than cold boned primals.
hms may be due to the sticky surface
M the higher temperature of the hot
in§t_Which could have led to higher
e;t1a1 levels of contamination (Smul-
thee & Eikelenboom, 1987). Furthermore

e was a considerable increase

(0.5 Tog/cm?) in colony counts during

;

(?b]e 5a  Microbiological condition

[b°9/cm2) of hot and cold boned primals
®11y (B) and shoulder (S) (day 1)]

Primals
Hot boned Cold boned

Q::(’b"c R W L
oPhilic S 3.44 2.56

ony count
R
g b a
tosrobacte- B 2.45 1.55
L“aw s 2.3  1.86°
batiC acid B 3.220  2.582

Shia s 3.18 2.48°

%
di?Ea"S with different superscripts
®r significantly (p<0.05).

1165

Table 5b  Microbiological condition
(1og/cm2) of hot and cold boned retail

cuts [belly (B) and shoulder (S)
(day 7)]
Retail cuts

Hot boned Cold boned
Aerobic B 3.20 2.99
mesophilic S 2.35 2.14
colony count
Enterobacte- B 2:18 253
teriaceae S 1.63 1.50
Lactic acid B 2.58 3008
bacteria S 3.09 2.93

* means with different superscripts
differ significantly (p<0.05).

one day of storage. Probably the cir-
cumstances for microbial growth would
have been smaller, had the hot boned
meat been vacuum packaged immediately
after excision (Apple & Terlizzi,
1983). Clearly, vacuum packaging with
the purpose of storage for only one
day is far too expensive in meat in-
dustry practice and would reduce the
economic benefits of hot boning con-
siderably.

The contamination of both hot and cold
boned meat was well below the Tlevels
generally considered acceptable for
conventionally produced pork (Salm et
al., 1978). The experimental procedure
followed does not allow for deciding
whether these levels were the result
of skinning or of the intensified
cleaning and disinfection procedure.
Colony counts on retail cuts from hot
and cold boned primals were similar.
Differences existing on primals did
not affect the quality of the retail
cuts significantly. This is in agree-
ment with the findings of Greer et al.
(1983) who showed that hygiene during
retail cutting was far more important
than the initial contamination of pri-
mals to be cut.

CONCLUSION

Hot boning of skinned pig carcass fol-
lowed by retail cutting after one day
of refrigerated storage, results in
markedly less weight loss and similar
sensory meat quality as cold boning.
Microbiological monitoring indicates




that hot boned meat might represent a
greater risk. By strict adherence to
Good Manufacturing Practices one might
still achieve contamination Tlevels
that are well below the levels gene-
rally considered to be safe.
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COLOUR AND COLOUR STABILITY OF HAM-
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STIMULATED, HOT VS COLD BONED, CLOSELY
TRIMMED BEEF
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INTRODUCTION

Several meat quality characteristics
observable in the processing plant and
supermarket, or measurable in the
laboratory are known to be closely
related to the consumers’ appreciation
of meats. Among these the colour of
meat is of primary importance for the
retailer as it largely determines the
consumers’ inclination to buy one pro-
duct or brand rather than the other
(Hood and Riordan, 1973). The colour
of meat depends on a number of in-
dependent variables important in mar-
keting, e.g., animal age, pre- and
post-slaughter handling and the dis-
play environment (McDougall, 1977).
A1l of these interfere heavily with
the pure physics of colour observation
by individuals or colour-analysing in-
struments. Therefore, novel ways of
processing carcasses into meats need
to be evaluated carefully as to their
impact on meat colour.

The colour of meat primarily depends
on the concentration of the pigment
myoglobin which can exist in three
forms: the purple (reduced) myoglobin
(Mb), the cherry-red (oxygenated) oxy-
myoglobin (Mb0O) and the greyish-brown
(oxidized) metmyoglobin (MMb). These
three forms are constantly being in-
terconverted. When the surface of meat
is exposed to air, oxygen will pene-
trate into the interior, the oxygen
diffusion being deeper the longer the
meat is exposed. Below the layer of
MbO, a thin Mb layer exists where the
partial pressure of oxygen is too Tow
for oxygenation to occur. Beyond that
a thin Tayer of Mb is oxidized to MMb,
which will gradually shift from inte-
rior to surface, thus causing the so-
called ’fading’ of meat (Seideman et
al., 1984). Several factors determine
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the accumulation of MMb on the meﬁ
surface and hence the stability ¢
meat colour, e.g. rates of oxygen—d!ﬁ
fusion (Brooks, 1938) and -consumptiof
(Atkinson and Follett, 1973), (aut?
oxidation (Lawrie, 1979) and the el
zymatic reduction of MMb (Hood, 19803
Ledward, 1985; Renerre and Laba%
1987). Extrinsic factors such as P
decline and temperature, water-holdi"
capacity and muscle structure affe¢
how colour is perceived (McDougall”
1977). ]
Several meat processing procedur®
markedly influence both intrinsic a"
extrinsic colour determinants.
major ones are meat comminution 3&
salting, the former one destroying tM
reducing system and thus promoting !
rapid formation of MMb (Ledward ©
al., 1977), the latter one exertind

strong pro-oxidant effect (Huffma"
1980) . y
Many of the afore-mentioned fact0

that determine colour stability arf
affected by accelerated processing,
meats. Firstly, electrical stimulat!
will induce a rapid early post-mor*”
pH decline, secondly hot boning ?i'
celerates the chilling rate, and ¢
nally pre-rigor comminution and Sﬂa
ing largely determine the chemi®,
form of Mb, rate of ATP breakdown ?M
glycolysis and thus the water-hold!™
capacity and 1ight reflectance char?
feristics. £he
In earlier studies we investigated
influence of electrical stimula
and hot boning on the colour (stab
ty) of intact bovine Tlongissimus 140
psoas major muscle (Van Laack et agﬂ
1989; Van Laack and Smulders, 198@h
and ground beef of a relatively hg,
fat content (Van Laack and Smu1de%t
1989b). The purpose of the preSeU
study was to assess the impact of ol
celerated processing on the C01tﬂ
stability of a comminuted, pre—Sa”Ch
product prepared from beef from Wh‘
all visible fat had been trimmed ©

giof
-H,
1

MATERIALS AND METHODS "
Eight  Friesian  Holstein C?eg
3-5 years old, were stimulated ?tin
trically (85 V, 14 Hz, 30 s) .w1teU
5 min post mortem. At approximd i
1 h post mortem the sternomandibul? .
muscles of randomly selected Carcin

sides were hot boned, cut UP




;hUNks, ground through a 3 mm plate,
R1Xed with a hamburger-mix (Verstegen,
‘Otterdam, The Netherlands) resulting
b? a salt concentration of 1.8%, and
Y €nded in a Hobart blendor for 3 min.
tﬁ?"g a mould, hamburgers (1.5 cm
ed‘Ck, 8 cm diameter) were hand-press-
St and frozen at -40°C and finally
AOPQd at -20°C in card-board boxes.
identical procedure was followed
; cold-processing of hamburgers,
hég' after the remaining carcass side
Vo) been chilled at -1 to -4°C, air
9 0City 3 m/s, during the first
st Min, whereafter the carcass was
sored at 1+1°C, air velocity 0.5 m/s
Bk 24 h.
ESFOPG freezing hamburgers were sampl-
metfor microstructural study using the
a] h??gég?y described by Koolmees et
?;Xteen hamburgers per treatment group
th Samples per carcass-side) were
ﬁfWEd and allowed to bloom at 2+2°C
" 2 days whereafter they were dis-

for

ﬂayed for 7 days at 1t1°C under con-
30"U0us illumination with a

0 0-400 Lux lamp (Philips TLC95). At
b %> 4 and 7 days of display L*, a*,
werVa1ues and spectrum (400-700 nm)
of € analysed instrumentally by means
St., 3 Hunter Labscan SN12244; 10°
5 "dard Observer, D65 illuninant,
hmmm opening, calibrated with black
fop White tiles. Significance of dif-
enEHCes were tested with the Stu-
Drot‘t-test (paired where ap-

Priate).

EESULTS AND DISCUSSION
Va?ure 1 includes the Hunter CIE-Lab
mW“eS of hot and cold processed ham-
1i1§§rs during one week of display at
T .
a2;°“9hout the storage period L*, a*
in. O* values were higher in hot than
“fco]d processed beef burgers, which
in .Srences were significant (p<.05)
instances but two (a* values at
Ung and 2). The higher values for
re ¢ L*, denoting a brighter colour,
o 'N agreement with earlier findings
Smﬂp”e-rigor ground (Van Laack and
Rog, 96"'S, 1989b) and flaked beef (Van
by g €l al., unpublished results cited
oy "Mulders et al., 1987).
e Oned, intact beef and pork mus-
dark almost invariably exhibit a
®r colour than cold boned muscle

3
g
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401

35f

30F

— Hunter CielLab. Values —=

251

{\j\§

15

—— Display period (days)—=

Fig. 1 Hunter CIE-Lab values of hot-
(+) vs cold- (o) processed hamburgers
during 1 week of display at 1£1°C

after one week of refrigerated vacuum
storage (Smulders et al., 1988). This
has been attributed to the superior
waterholding properties of pre-rigor
excised meat which might reduce light
reflectance and, to a lesser degree,
to protein denaturation caused by fas-
ter chilling (Taylor et al., 1980-
1981). That the situation is reversed
in comminuted beef with a relatively
high percentage of fat was suggested
to be the result of pre-rigor ground
beef having soft warm fat which is
dispersed through the product as small
droplets; in cold processed beef bur-
gers the solid fat had a more granular
appearance (Van Laack and Smulders,
1989b). In the present experiment we
carefully trimmed off all visible fat
from the muscles to achieve a low fat
content. Fat content of the blend was
12% (assessed through extraction) in
both hot and cold processed burgers.
We hoped that with such a low fat per




\ 40

\s

—\

§9983383833388888

WAVE LENGTH (nm)

Fig. 2 Reflectance spectra of hot-
(+) vs cold- (o) processed hamburgers
during 1 week of display at 1+1°C

centage structuraldifferences would
interfere Tless seriously with 1light
reflectance. Yet, light-microscopical
examination clearly indicated that the
fat in hot, as opposed to cold pro-
cessed burgers had coalesced in fat
channels, finely dispersed through the
product. This has Tlikely altered the
smoothness of the surface and thus
increased the Tlight scatter in hot
processed burgers as also observed by
Aby-Bakar et al. (1988). Other inves-
tigators (e.g. Jacobs and Sebranek,
1980; Seman et al., 1986) found that
hot processed ground beef had a darker
appearance. One would expect to ob-
serve this since hot processed burgers
have superior waterholding properties
(Van Laack & Smulders, 1989b). It
should be realized, however, that, as
opposed to the afore-mentioned Ameri-
can studies, the hamburgers in our
study were composed of one single
ground muscle. It is possible that
between-muscle differences account for

®
:
5}
a
&
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— Colour parameters —=

4ot

35}

30t

25}

20t

— Display period (days) —=
4
Fig. 3 Hue and chroma values, a”dA
Reflectance (A630-580 nm: MbO; an®
630-525 nm: ’‘MMb’) of hot- (-)
cold- (o) processed hamburgers

4
discrepancies in results since ?
degree of post mortem protein dend
ration differs considerably bet#®”
muscles, depending on pH and tempe%g
ture decline and thus on chil
rates. In our study we used sternomé’ f
dibularis muscle which, on account1]
its position in the carcass, Was
chill very fast after hot bonind _
well as on the cold-to-bone carcai,
The MMb reducing activity may the&h
fore have been quite similar for "k
processing methods (McDougall and ‘
len, 1986) 0 ‘
Figure 2 is a three-dimensional Yepof
sentation of the light ref]ectance B
hot vs. cold processed beef burger 95
different wave lengths, as it ¢ ad?
during one week of refrigerated i
play. If the observed differencé
colour of hot vs. cold processed "
burgers would simply be a matte e
altered structure one would expect “if |
reflectance spectra for both type® |




Products to run more or less parallel.

€ fact that the curves diverge, con-
€rge and even cross at particular
YaVe lengths seems to indicate that
the relative proportions and/or loca-
10n of MbO, Mb and MMb may have been
ffected by the method of processing.
13 an earlier study (Van Laack et al.,
, 87) it was substantiated that the
r¥ygen consumption is higher in pre-
Mgor than in post-rigor meat. This
O}th lead to a thinner surface layer

MbO. In addition, the lower partial
%reSSure of oxygen in pre-rigor beef,
t_rough increasing the redox poten-
c!a]’ will increase the reducing capa-
T;FY in the hot processed hamburgers.

IS will Tead to a thinner layer of

TMb and a relatively thick surface
lgyer of Mb (George and Stratmann,
2). It is tempting to speculate

ggat the relative contribution of Mb

th thg total reflectance accounts for
'€ higher reflectance values observed
st _hot processed hamburgers as,
Mictly for the purpose of illustra-

yoﬂ of this argument, is visualized
oy,

yidep wd G'0==— 80BJINS

N,
*'processed
(HP)

Cold processed
(CP)

meﬁtPEflectance spectra of muscle pig-
a] . are well-documented (Kropf et
Bla: 1976; Hunt, 1980). The total re-
be.ctance of meat and meat products
Hon? a composite (not simply a somma-
i N!) of the reflectances of the pure
atgmGNtS, might also explain why only
10 200 nm the total reflectance is
hamgr for hot- than for cold processed
thaturgers, for it is well possible
the at this particular wave length
is ]COntribution of, for instance, MMb
My ' €SS important than that of Mb or
Baps «
t§£t1CU1ar1y at wave lengths >600 nm
hayy Sflectances of the hot processed
Umsurgers decrease more rapidly than
the € of the cold processed ones (note
lin 1fference in convergence of the
Connecting the reflectance va-

.
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lues at different storage times on the
one hand and the reference lines pa-
rallel to the time-axis on the other).
This observation indicates that, in
contrast with intact muscle (Van Laack
et al., 1989; Van Laack and Smulders,
1989a) the colour stability of hot
boned, comminuted beef is less stable
than that of cold boned comminuted
beef. A further substantiation for
this is found in the observation that
the values for chroma [C*, generally
considered a useful parameter to des-
cribe colour changes in more descrip-
tive terms (McDougall, 1977)] decrease
more rapidly in hot than in cold pro-
cessed hamburgers (see Figure 3).

In spite of these contrasts it should
be recognized, however, that all pro-
ducts, irrespective of way of process-
ing, were very attractive in colour as
is reflected by C* values (ca. 27 and
higher throughout storage) approximat-
ing the vreference values generally
associated with an attractive, bright-
ly-red, colour (McDougall and Allen,
1986). The fact that display condi-
tions (strict storage at 1+1°C) were
almost ideal to preserve colour-stabi-
1ity has undoubtedly contributed to
this.
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THE INFLUENCE OF DIFFERENT MODERATE
COOLING CONDITIONS ON TENDERNESS AND
TROPONIN-T—, 30 KDa—, AND TITIN-
CONCENTRATIONS OF BULL LONGISSIMUS
DORSI .

BUTS*, B., CLAEYS:, E.
& DEMEYER*-=, D.

* Onderzoekscentrum Voeding, Veeteelt
en Vleestechnologie,
University of Ghent, B-9230 MELLE,
Belgium

= Instituut voor biotechnologie,
Vrije Universiteit, Brussel.

INTRODUCT ION

We have previously observed a
considerable variability in tender—
ness of young bull longissimus dorsi

(LD) under very moderate cooling
conditions (Buts et al., 1984,
1986a) .

AN 1mportant part of this variability
could be explained by differences in
Troponin—-T and 30 KDa concentrations
determined after separation of the
myofibrillar proteins on SDS—Page
(Buts et al., 1986b) indicating
differences in extent of post—mortal
proteolysis as a main cause of
tenderness variability.

Maintaining a high temperature early
post mortem may result in improved
tenderness (e.qg. Lochner et al.,
1980; Marsh et al, 1981, 1983; Petaja
et al., 1985) probably by enhancement
of activity of proteolytic enzymes.
On the other hand Tornberg and
Larsson (1986) found it is more
beneficial to allow meat to go into
rigor at 15°C than at 37°C, because
the effect of slow rigor development
and minimal contraction at 15°C is
more important for tenderness of aged
beef than the hypothetical effect of
increased release of proteolytic
enzymes at 37°C.

From this it is clear that temperatu-—
re during onset of rigor may influen-—
ce meat tenderness apart from
prevention of cold-shortening as it
may determine both rate of shortening
at rigor and of post mortal proteoly-
S1S,

In two experiments temperature
during the onset of rigor was varied

in different ways in order to stud?

the relation between tenderness and
temperature during this important
period.

MATERIALS AND METHODS

Animals and treatment of carcassest
All animals used are from the
progeny testing station RSC (8—9258
Scheldewindeke, Belgium). In the
first experiment 10 one-vyear old
bulls (mean values + standard ert®
for live weight: 461 + 25 kg and
dressing-%: 59.4 + 1.4 %, wer®
slaughtered in the slaughterhouse of
our laboratory after captive bol
stunning and pithing. Carcas®
halves were transferred to a Cooling
room at 4 °C, 0.5 m/sec, one hou”
p.m. Cooling of right carcd®
halves was interrupted by movind
them to a room at 13°C, O m/&
after 3 to 6 h post mortem (D-ma
until 12 h p.m. when they are plac®
back with the control halves. n
the second experiment two groups .
animals of 10 and 8 animé’”
respectively, (mean values + sta’
dard error for live weight: 466 * ©
and 477 + 34 kg and dressiﬂg/©
57.3 + 2.1 and 58.8 + 2.1 7
respectively) were slaughtered
different days (one in december 2"
one in april). Control carcd®
halves (left and right alternatﬂge
were cooled at 4°C, 1 m/sec wh?
the other halves were cooled °
13°C, 0.5 m/sec until 8 h p.m. t:i
cooling—troom temperature was
to 4°C. p
Temperature was measured 7.5 cm qeeé
in the centre of the Longisst p
dorsi (8% thoracic rib) eitl?
with a portable temperature me )
(Technotherm 9503, Instrul?
Brussels, Belgium) or with Pt~
thermocouples (175 Din, Degugai
Brussels, Belgium) connected to
Honeywell recorder outside of
cooling room. pH was measured ﬁ;ﬁ
an Ingold combination electr 2
(Weilheim, BRD) attached toéé
digital pH meter (Knick Porta“:(
651, Knick, Berlin, BRD) at reg!Y

intervals post mortem. n

(8t
In both experiments the LD B
thoracic rib) was removed of

24 h p.m. and after trimmind
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fat B o Y Mt o -
L samples were wvacuum packed 1in

DDlyamide laminated polyethylene
(Sidamy1-X, typ EAK 41, Sidac, Ghent,
Slgium) and further conditioned at
T until 8 days p.m. Then samples
e frozen and further preserved at
~ 18°C for 2 to 6 weeks (expt 1) or 2
9 3 months (expt 2). After removal
"Om the deep—freezer cuts were
thaWEd in a standardized way (1 day
St g-¢ refrigerator and “4h waterbath
St 20°C) ;
%§§rm£Q§LQQI§=
h & removal of the cuts from the
QSCUUm bag, drip loss was determined
c”d a subsample of about 50 g
OVering the whole cutting surface of
® sample was removed for isolation
E the myofibrillar proteins and
ng Sequent separation on Polyacryla—
de and determination of
Sut length (SL). Remaining
S were then heated in open plastic
WZQS by immersion (1 hour) in a
terbath at 75°C and subsequently
QQIEd under running tap water (ca 10
lhutes) and cooking loss determined.
(d_” 20 to 30 cork bore samples
lam. 1.27 cm) were taken parallel
12 the fibre direction. In expt 1,
&y Samples were used for tenderness
tQQIUatiDn by an eight member trained
SQStE Panel and the remalning
Mples for the determination of the
M;fNEr Bratzler Shear force (WBS)
uslle in exp® 2 all bore samples were
8d for determination of WBS.

§§g1§1§:

di?fdrip was measured by the weight

DSCk§r8nce before and after vacuum

bees ing (sample wiped with a cloth
Ore weighing) and expressed as

SQ:Centage of initial weight.

ﬂ~CDmere length was measured on

inesh subsamples of about 10 g fixed

qiffz-SZ glutaraldehyd using laser

" Faction as described by Van-—
eldPLESsche et al. (1984). Average
cles of measurements of 80

q

MiZi?”EQt fibres were obtainded.
Qccglbflllar proteins were isolated
St "ding to the procedure of Parrish
113a1' (1973) and isolated myofibri-—
tSmD Were dissolved overnight (room
Iy norature, magnetic stirring) in
S20le buffer (0.01 M, pH 7.0)
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containig &4 SDE and 24
toethanol . Further preparation of
the isolated myofibrils and subse—
quent electrophoresis was performed

Z-mErcap—

as described in Buts et al. (1986b)
and Claeys et al. (1989)

After electrophoresis, gels (8 and
4.6 7. total acrylamide concentrati-

on, 3.1 % crosslinking) were stained
with Coomassie Brillant blue and

after destaining scanned using a
Beckmann model R-112 densitometer.
Peak areas were determined and

protein concentrations (expressed as
BSA equivalents) calculated.

Cooking loss was determined by
weight difference before and after
heating and expressed as percentage
of weigth before cooking.
Warner—Bratzler peak Shear force was
determined with a WB-shear mounted
on an instron 1140 Food tester
(Instron 15 ol High Wycombe)
perpendicular to the fibre direc—
tion

Taste panel tenderness rating (exp®
1 only) were obtained using ascale
with 8 subdivisions (1 = very
tender, ..., 8= very though) as
described by Demeyer et al. (1983).

The ratings of eight members were
averaged.

RESBLLTS

In table 1 temperature and pH
results are shown. For rate of
cooling regressions fol lowing
Y=a+b((l-e - <%) (y=muscle
temperature °C and t = time post—
mortem) were calculated. In this
model a 1s the begin temperature at

time O (theoretical, because the lag
time for the installation of the
temperature gradient is not taken

into acount), b the difference
between muscle and cooling room
temperature at zero time and c the
rate constant of cooling. The
cooling rate at each time post

mortem (within the exponential phase
of cooling) can be calculated as
follows: dY/dt = bc e =%t (°C/h).

Decimal reduction time (time to
accomplish 90% of cooling) can be
calcultated as tae= = In (0.1)/-c,
analogous to the prodedure described
by Moerman (1975)% Decimal
reduction time 1is also expressed on




Table 1: Mean values for temperature, cooling rate characteristics and pH.

exp*® 1 exp* 2
group 1 group 2
contr. treatm. contr. tirreatm. contr. treatm.
(n=10) (n=10) (n=8)
Temperature:
Eh 39.0 SH.6 52,0 S8 et T
24 h 535.5 S22 T SSe 72 33.5 34.5
4 h 2y 2635 297 276" 272 2T et
6 h 2105 21 19t ZZRET 74 Y 4 25. 4%
8 h 1752 1898 14.6 20T ™ 17.4 22 .0%
10 h P o2 =z e e =
24 h &l 6.4 4.9 )2 S 9. 4*
= 0.146 = 0.164 0.145* 0.144 0. 1175
e 158 e 14.1 e 16eS 19T
e G Qills s 0.106 (O 7% 0.116 0.142*
tiwec™ 14.7 17.4% ilitfs, 21T 13.7 220"
pH:
1h 6.80 6.82 (o d 678 S T 6.76
24 h 6.42 (5 {8 6.48 6.44 6.24 6.05
4 h G ZS 6.16 6.12 6.10 51 =T S
6 h (S 6.14 D0 ke 9.68 5. oTE
10 h D7 DubB* == e
24 h 5.60 oD i L SEC T 5.64*

level of significance: * at least P<0.05 (paired t—test)

*: c = rate constant of cooling (1/h); toec:decimal reduction time (h)j
tuec/kg: decimal reduction time on carcass halve weight (h/kg).

=: time to reach 10 °C (h)

Table 2: Mean values for meat quality characteristics and protein fragmeﬂtaticjﬂ

exp* 1 expt 2
group 1 group 2
Conti-. treat. conkte. treat. contr. treat.

(n=10) (n=10) (n=8)
Drip—-loss (%)* DT G a7 6.6 T, S 2.8
Cook.—loss (4)* 26.3 27 .4 29,2 2958 24.7 PO
SL (pm) 187 1285 1L.87 189 1 1.98
WBS (N) 41.8 44.5 B SBaZ> 2Tl 30.8
TP score 3.8 5.8 —— = — e
Myofibrillar proteins=:
Trtin o el 197 26.6 29,9 P 27 .4
Troponin—T Ti(s 7 S8 1.4% 10 e
30 kDa 10,3 10re 1 1O 1256 15.4 1650

|

e For experiment 1, n=7.

: concentration in pg BSA—equival. / mg myofibrillar protein

*-2: values with different superscript are significantly different (p<0.05;
paired t—test) within experiments.
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Sarcass  half
Smperature

fferences in
Mdel could

weight to correct for

differences due to
muscle weight. The
not be applied in exp® 1

SCause, due to the interruption of
forceq cooling, no exponential
e ature decline was obtained.

"Om  table 1 its clear that in
SXPeriment 1 the withdrawal of
S0ling resulted in higher muscle
SMperatures for  treated halves
Uring a period of time from 8 hour

; on, but this temperature
dlffEFence has disappeared 24 h p.m.
Qn experiment 2 the difference in
®Wling conditions resulted in higher
:MSCle temperatures in the treated
Alves from 4 h p.m. on, a difference

t persisted up to 24 h p.m. All

Smperatures observed in group 1

Slaughter‘ed in december) are lower

SN the corresponding values in
EPDUD 2 (slaughtered in april).
Urthermore faster rates of post—

ggrtal glycolysis (pH) were observed
FrDJD 2 as compared to group 1.
Waom table 2 it is clear that Mean
hgrhgr Bratzler Shear force (WBS) was
th: influenced by the treatment in
r first experiment. For the first
WB§UD of the second experiment mean
tat~was lowered and protein fragmen—
B lon  increased by the treatment.
hr the second group both control and
T ? ted halves were very tender.
1S was reflected in low Tn-T and
T*gh 30 KDa concentrations for both.
1N contents were not different
hin experiments but very different
tWeEﬁ expt 1 an experiment 2.

g§33¢3510N
(gfults from expt 1 and exp® 2
SUp 1) suggest that a longer
t "lod  of temperature difference in
Nec farly post mortal period 1is
nESESSary for influence on tender-—
tgms’ and that the action of
ty Perature on tenderness is related
pgrchaﬂges in proteolytic activity.
it the second group of experiment 2
L Seems that both control and
&mztEd halves were cooled slow
hee 9N resulting in  optimal tender-—
s> for both but there is probably
. the effect of higher rate of
Qﬂn Mortal glycolysis. The condi—
S  for this group correspond

Wit

be

remarkably well with those for which
Marsh et al (1987) found the highest
tenderness level (pH 3 h p.m ca 6
and corresponding temperature ca
TR

Sarcomere length as a measure of
shortening of muscles is only very
weaklx‘ correlated with WBS as is
clearYthe correlation matrix for all
combined data shown in table 3. The
significance of the correlation
between WBS and SL is due to one
(treated) halve of exp* 1 with SL =
1.533 p and WBS = &67.4 N, because
without this halve the correlation
coefficient (r) is =0, Z1IS (et
significant). The shorter sarcomere
length for this halve clearly did
not result from cold-shortening but
may be due to so called "heat'"- or
"rigor"—-shortening. The toughness
however did clearly not only result
from shortening because also the
Tn—T and 30 KDa concentrations were
relatively high and low (11.2 and
DD ug BSA—eq respectively)
indicating relatively low post—
mortal proteolytic degradation too.
It is clear that conditions for
shortening at rigor are about
optimal for the control animals. For
the treated ones temperatures are
somewhat higher (ca 20 °C at pH 5.8
- 6.0 for expt 1 and group 1 of expt
2 and near 30 °C for group 2 of expt
2) than the theoretical optimum of
15-20 °C. It must be mentioned here
that temperature is measured in the
warmest point of the LD so tempera—
ture is lower in the greatest part
of the muscle. So it is obvious
that, with one exception (see
higher), shortening at rigor cannot
explain the tenderness differences
observed.

On the other hand it is clear from
table 3 that an important part of

tenderness variability can be
explained by differences in
proteolytic activity reflected in
protein fragmentation. This

confirms our earlier results (Buts
et al 1986b; 1987) and the results
of Seideman & Koohmaraie (1987) who
could explain a great part of the
variability in tenderness ratings
(and shear force values) by
differences in fragmentation index.

i1 [774
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Table 3: Correlation matrix, mean,

standard deviation and range
for the poolded date for all halves (n=56).

Tendern.* WBS S Titimn TRl 30KDa
Tendern.* 1.000 QIS0 =0 350 —0.245 D724 070
WBS 1.000 =Gn 558 =0L030 DL 7995 QL7325
Sl 1.000 0.451** -0.114 0L 227
Titin 1.000 =N 0013
=T 1.000 -0.814**
30KDa 1.000
Mean 3.8 SaeG 1B 0 2936 3= 2D
Stand. Dev. Q5 T 7 0.14 S 4.0 4.3
Min 2.6 2059 195 172 02 4.4
Max 6.0 &7 .4 2.26 38.6 14.3 S
Level of significance: *: P<0.035; **: P<0.01

1: Tendern. =
In figures 1 and the relation
between WBS and, respectively,

Troponin—T and the 30 KDa component
is shown. The relations found are
not different from the ones we
reported earlier (Buts et al, 1986b)

for a similar group of animals. The
introduction of Sl as second
independent variable in both
relations allowed explanation of a
significantly greater part of WBS
variability than i il B alone

(r?=0.640) but could not explain more
than 30 KDa alone.

For the relation between Tn-T and
30 KDa a similar regression equation
as before (Buts et al., 1986b, 1987):
] P 13.4 OeZon SOKas o
(rt=0.663, s = 2.36) is found. This
highly significant negative correla-
tion may indicate that 30 KDa is a
degradation product at’  linsils =it
this correlation does not necessarily
reflect a direct cause/effect
relationship.

The relation between Titin and WBS is

unclear and 1is influenced by the
difference 1in titin concentrations
between exp®* 1 and the two other

which we do not have
The fact that titin

experiments for
an explanation.

taste panel tenderness; exp® 1 only
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(n=20).

-~
a number of factol”

during storage of samples like £ime
of frozen storage (Greaser et als
1983) makes it difficult to indicat?
the contribution of titin ¥
tenderness variability.

Yy

CONCLUSION:

An  important
variability can
differences in
fragmentation
maturation),
of the structure
partly in sarcomere
be completely excluded even
absence of cold—-shortening.
also clear from our resultz

part of tender’ﬂe69
be explained *
(parallel) Droteg
(=differences in
although the influsfis
itself (reflect
length) cann®
in

It 1is
that proteolytic activity can oy
some extent be influenced j

modification of the cooling cond®
tions during installation of rigo"’
A far better knowledge of ﬂf
potential hydrolytic activity of
proteinases, the activity re
proteinase inhibitors and té
tenderizing mechanism in qeneral,z
needed before optimal cool%n
conditions for maximal tenderizatlo
can be indicated.
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Figure 1 : Regression of WBS on Troponin-T concentr.
Rggr6551on equation : WBS = 29.5 + 1.83 Tn—lconC
r- =0.576; S = 6.38 (n = 56)
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Regression of WBS on 30 KDa concentr.
Regression equation : WBS = 57.2 - 1.64 30 KDa_ |

Figure 2
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STUDY OF PURIFICATICN ARD PROFERTIES OF
CREATINE KINASE FROM PORCINE SKELETAL

HUSCLES
ZENG Shi-yuan and LIO Yong-le

Food Science Department, Hangzhou Insti-
tute of Commerce, Hangzhou, P.R.China

Introduction

Creatine kinase EC 2.7.3.2. is an impor-
tant enzyme, which participates in the
cell energy metabolism and has direct re
lations with muscle contraction and ATP
regeneration. [t catalyzes the transphos
phorylation reaction botween creatine
and ATP.
@H
ATP + HyN-C-N=CHz-CO0"e==2
Clb

- y H -
ADP + 0—8—NH—§—N—CH2—COO +

0° CH,
This kinase is found in skeletal muscle,
cardiac muscle and brain tissue, present
ing three different types, viz.: MM-type
(in muscle), BB-type (in brain) and MB-
type (in cardiac and other tissues). In
recent years, researches reveal thal cre
atine kinase has important role in Na-K-
ATP pump system.(1) Clinically it is al-
so highly evaluated as in the early sta-
ge diagnosis of myocardial infarction
and in estimating the dimension of in-
farction,(2) Especially when certain
myocardial infarctions can not be judged
by electrocardiogram, the analysis of
serum creatine kinase is of great use.
(2),(3). Therefore, the study of the pu-
rification and properties of creatine ki
nase has significance not only in theory
and also in practice.
In 1954 Kuby et al firstly purified and
crystallized this enzyme from rabbit ]i-
ver., (4).Thereafter, a series of isolat-
ion and purificatlion works were perform-
ed from muscles and brains of various
animals e.g. rat(5), monkey(6), carp(7),
chicken(8) and human being(9) and horse
(10). Among those, the study of creatinc
kinase from rabbit muscle was the most
detailed. The physico-chemical propert-
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Lhe
structure of subunits were all studied.

cataly!ic mechanisms and

es, Lhe

(11), (12), (13). Recenily, along with
the development of molecuiar biology,
cven the amino acid sequence of croat e
kinase from rabbit, chicken and rat were
analysed., (14)(015). Put of crea
tine kinase from pig are more less. Fof
pig has a great bulk of muscles, and plb

muscle is a good source of many biomol€”

et viet §orae
stuagios

cules, wmoreover pig is nearcr to humal
beings in biological species, so it IS

appropriate to isolate and purify cred”
line kinase from pig muscles instead of

from muscles of other minor animals.

Materials and methods

Haterials:

Frash muscles from Hangzhou Meat Factor!
Chemical reagents: All A.R. grade or
biochemical grade

Apparatus: Centrifuges, visible & ultrd”
violet spectrophotometers, partition
collectors, AA-analyzer (Hitachi 835-50/

Methods: |
1) Isolation and purification procedur®
a) Fraction | Crude extract

Minced pig muscles (back and leg) 4005
are homogenized with 0.@1M.KCL solutiol
(2ml./g.muscle) and then centrifuged
(3000 r.p.m.). The supernatant is fi1t¢
ed through 4 layers of cheesecloth, ThY
solution is the crude extract. |
b) Fraction 11 60% ethy! a}t0h0!~N850
precipitation y
The pll of the crude extract is adjust®
with 5M.ammonia solution to 9.08. Solid
NH,Cl is added till the concentration
brought to 0.1 M., and adjust pH to 9«
once more. After stirring for 1hr., 95k
ethyl alcohol is added at -10 C., t0 3
concentration of &0% (taking the 95% al
cohol as 100%). Stirring is continued
for half an hour. The solution is waﬂ”6
to 10°C., centrifuge (3000 r.p.m.)for é
minutes. To the supernatant, pH 8.5, #

)

M MgSO04 solution is added to the conc®
tration of ©.03 M.. Restore the concel

tration of alcohol to 6@%, stir for 15

minutes at about 10°C.. Centrifuge fof
30 minutes (4000 r.p.m.). The preciplwy
ate is extracted twice with pH 9.0, @
M. Mg(Ac), (The amount for the first [m
is 8% of that of crude extract, for U




Stcond time is 4%). Cenirifuge for 30
Uinutes (4000 r.p.w.). Combine the su-
M rnatants and add 95% ethy! alclhol
"10°C, to the concentration of 50%. Stir
for 39 winles, centrifuge at -5°C.for
?? minutes (4000 r.p.m.). The precipit-
8 js dissolved in pH 8.0, @.01 K, tris
burrer solution.
€) Fraction 111  (NH4), S04 procipita-

'on (@.45-0.75 saturation)

he: above solution is dialysed against
{he Same tris buffer solution for 24 hrs
Chtrifuge for 30 minutes (4000 r.p.m.).
10 the supernatant, (NH4)g SO, is added
0 0.45 saturation, while 1 M. NH4ON is
?gqﬂd to maintain the pH to 7.8. Put as-
(»“ for 2 hrs, centrifuge for 30 minutes
.4”“0 r.p.m.) To the supernatant (NH)SO,
'S again added 1o .75 saturation. Stand
Y for 3 hrs. Centrifuge for 30 minutes
rilﬂﬂﬂxg.). Dissolve the ppt.in the same
(Jffer solution and dialyse to remove
W4), 504, And then use pH 8, 0.02 M.
Fis solution containing @.01 M. mercap-
90 1o equilibrate.

O Fraction IV DEAE chromatography
I:xn @.02 M. pH 8.5 tris buffer to equi-
brate the DEAE column (20x1.5 cm.).
atd Ssample in 3 batches. At room temper-
tr?Fe (8°C.) use 0.02 M. tris and 0.1 M.

IS buffer (pH 8.1) 100 mi. cach to elu
(ie‘ Collect in tubes, 7 min. one tube
m]mla). Combinc the cluates which show
Sazyme activity. Add (NH4),S0, to 0.9
“Alratijon, centrifuge, suspend the ppt.
N small amount of (NH4), S04 soln. with

€& same degree of saturation. Kecp at
gasic,
<) Determination of enzyme aclivity
ﬁ; Creatine color reaction method (16)
3 PH method (17)(18)

Protein determination Biuret method
(19?AGE method for purity determination

3

5

) Sephadex gel chromatography for mole-
Vlar yeight determination (19)
('tSDS~PAGE method for molecular weight
7y SFmination (19)

Amino acid analysis (20)

TrYDtophane determination (19)

VEsuLrg
érPFUfiFication and identification of
Aline kinase
chom.4@@ g. of pig muscles, 30 ml. of
/n Atine kinase solution (16 mg.protein
) were obtained. Activity recovery

was 42.5%, specific activily was 85
units/img. protein. ( table [ )

I 11 i1l 1V
step crude Alc. (NH:)SOx  DEAE
I[tem extract Mg50, ppt. chromat.

—PPL.

total
protein 11080 - 1183 734 480
Lotal

aclivity 96000 55680 47056

specific

activity

uits/mg. 8.66 47.06
protein

purifi-

cation

fold 1.0 5.42 7.40 9.82

64.10 85.00

Table | Purification of creatine kinase

0.D. 3.5
3.0 ActiviTy o
29 250
2.0 200
15 160
1.0 100
0.5 50
@ : @ S e

S 10 15 20 25 30 35 40

No. of tubes

0.D.280
________ Enzyme activity

Fig.1 DEAE chromatography




1 2 3 4
m =z

Fig.2 PAG-electrophoretic spectrum
Conc. of gel 7%,
stained by aniline black
Tube 1,2,3,4 correspond the fraction I,
[I, III, IV respectively
Tube 4 (one band only) shows the enzyme
preparation has attained electrophoretic
pure

2

7

J

Fig. 3 SDS-PAG electrophoretic spectrum
of fraction [V

Conc. of gel: Tube 1, 7.5%, Tube 2, 10%,
stained by commaise blue R-25

2) Determination of M.W. of creatine
kinase

a) M.W. determination by sephadex chro-
matography

The M.W. of creatine kinase 83,000 was
obtained from standard curve made from
the data on tahbhle I[I.

1184
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I[tem H.¥W Vol. of
Proteins eluate
horse liver
dehydrogenase 80,000 2
bovine serum

albumin 67,000 32
horse radish

peroxidase 40,000 43 i
trypsin 23,300 DD .
sample 83,000 29

-

Table Il Yolume of eluate of standard
proteins and sample protein

b) M.¥W. by SDS-PAGE-method
The M.N. of creatine kinase subunib
42,000 was obtained from the standard
curve made from the data on tahle II[-
The relative motility of sample waS
0.525, the corresponding M.W. was abou!
42,000.

-
BESS

[tem dye band relative log "';
frontier dist. motility M.W. X1
//’
phosphory- A0
lase B 6.4 1.2 0.187 4.937 9.7
_______________________________________ :
THY 6.4 58 0.906 4.243 LT
carbonic
anhydr- o0
ase 6.4 4.5  0.703 4.447 37
________________________________________ ;
actin 6.4 3.2  0.500 4.633 43
bovine
serum 7@
albumin 6.4 2.2 0.343 4.826 O
_______________________________________________ !
sample 6.1 3.2  0.525 4.630 4%

-
s esai

Table 111 Band distances (cm.) of St&
dards and sample




) Amino acid analysis
a) Tryptophane content
S0mg./g.protein obtained from the
Standard curve.
b) Total amino acids analysis (except
'D.) by amino acid analyzer

-
e .

AMino content amino content
acig mg.% protein acid mg.% protein
Asp.  113.33 Cys. 9.95
Thr, 37.875 Val. 56.34
Ser. 37.837 Met . 28.71
Glu, 118.47 lle. 26.53
Ala, 26.37 Leu. 86.74

\
Gly,  46.76 Tyr. 13.22

_ Phe, 47.43 Lys. 89.18

s, 29,78 Arg.  47.40
Pro 33.07

~
~—o

Table Y Amino acid Analysis results

;z,Kinetic properties of pig muscle cre-
Ine kinase
1 ) Opt imum pH
€ optimum pH of this enzyme is between
e V7.0, obtained from the figure 4 bas-
DlQan the data on table Y. The enzyme
O'IVlty was determined by creatine col-
k Feaction method. Enzyme conc.0.06 mg.
()tE‘.in /ml..

\\\

Dﬁtem Activity

<y Activity ratio

S ——————————————————————————————
- 2.975 35

&2 5.950 70

i 7.990 94

. 8.500 100

50 5. 100 60

i 2.215 25

=)
~——

| .
blg V The influence of pH on creatine
kinase activity
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100
activity
ratio 80
60
40

20

0
5.5 1 650r 16,50 7.8 75 N80
pH
Fig.4 The optimum pH of creatine kinase

b) The influence of temperature on
creatine kinase
Keep creatine kinase solution at di
fferent temperatures for 15 minutes, the
inactivation is significant at 60 C.
(Table V1, Fig. 5)

aclivity before after ratio
incubation incubation
20° C 60 60 100%
25 °C 60 60 100%
30 C 60 60 100%
35 C 60 60 100%
AQ° C 60 53 88%
4576 60 50 83%
50° C 60 30 50%
60" C 60 0 0

Table V¥I The influence of temperature on
creatine kinase activilty

100
activity
ratio

80
60
40

20

0

20 30 40 50 60
Temp. C.
The influence of temperature on
creatine kinase

Fig.5




c) Determination of activation energy E
the activation energy E of croati

Kinase is 14,280 calories, obtained from

Fig.6 based on the data on table V11, by

Arrhenius eguation:

log a, /a, = E(T, -T,)/2,303 RT, T,

From Table VII il is Found the optimum
temperature of creatine kinase is 35 C.
The activities at different temperatures
(cited on Table V1) are determined by
pH-method. The enzyme concentration is
ahout 3mg.protein/ml.

ine

Item activity log activity 1/Tx19
Temp.

15°C 48 1.681 34,7
20°C &0 1.778 34.2
2ot 110 2.041 33.5
30°C 179 2.230 33.0
J9u6 240 2.380 3249
40 °C 200 2.300 a9
Tahle VII The activity under different

temperatures

Log
agti— 2,
vity -

e S e e NN RN TN ROV EING
N NTTOS W

32 32,5 38 33,534 34.5 35
Lyt
Fig.6 The activation energy E of creat
ine kinase

d) Determination of Michaelis constant
m

The activity is determined by pH-method,

plot as Lineweaver-Burk method.

1186

P

.
{
s fixed at ob

ou

(1) Km-A
Creatine |
tained from Fig.7 anc

49 mM. 1/Km is
hence Kn=2.04 mH.

179 '

Fig.T Lineweaver-Burk plot of Km-ATP
(2) Km-creatine

ATP concentration is fixed at 4mM/3ul’
1/km is oblained from Fig.8,
Km-creatine equals 14.28mM. |

hoenee

1/Y

Fig. 8 Lineweaver-Burk plot of
Km-creatine




DIscnsson

I 1954, Kuby et al (4) firstly isolated
ad pyrified creatine kinase from rabbit
Mscle, oOwing to the crystallization
Process was more Uime-comsuming, many
Ydifications were performed. In 1981
UShihide and Takasawa (21) purified
"ithout crystallization, crealine kin-
?se from pig muscles with DEAE ion ex-
“Ange chromatography and CM-cellulose
®hromatography. The activity recovery
"8 41%, purification fold was 8. We us-
?d fractional precipitation method with
2lcahol & ammonium salts, and DEAE ion
:fChange chromatography method, in con-
gé(lon that no cold room was available,
?0[ a satisfactory result--activity re-
UVery 42.5%, purification fold 10. The
wéu' of porcine creatine kinase 83,000,
= Oblained by sephadex chromatography,
“zvncafer to that of rabbit creatine Ki-
58,82,000. (23) The H.N. of subunit by
"DS-PAGE method, is 42,000. The reproduc
llity of these two methods was high.
'® amino acid analysis results of porc-
(39 Creatine kinase vere nearer to that
. rahbit creatine kinase. (24) The op-
‘{“Um pH, heat stability were nearer to
10se of chicken (25) and human (26)
"6atine kinase. Activation energy,
Chaelis constant are all nearer to th-
TEZ Of rabbit creatine kinase. (21)
DOFfefore it is hlgnly fgaS|ahle to use
“Cline creatine kinase instead of rabb-
DFWQFQatinefﬁn scientific and clinical
9Clice, Kinase
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